The Duero Basin is one of the largest Cenozoic basins in Iberia and contains a relatively well-preserved sedimentary infill. The top of the sedimentary sequence crops out at elevations up to 900 m above sea level. The present-day basin drains to the Atlantic Ocean via the Duero River through the Arribes Gorge, but during the Cenozoic the basin experienced a long endorheic period marked by the formation of evaporites. The time the basin opened to the Atlantic Ocean and the formation of the modern Duero River drainage system remains poorly constrained. In this study we quantify the spatial distribution of river incision within bedrock and sedimentary units by comparing the nearly relict higher reaches with the lower deeply incised reaches of the tributary system. Results show an abrupt increase in stream incision westward, reaching a minimum bedrock incision depth of 600 m in the Arribes Gorge. Using cosmogenic 10 Be and
Introduction
Sedimentary basins with closed drainage systems (i.e. endorheic basins) are peculiar because they trap all the sediment received from marginal areas. Such basins do not respond to the base level of the global ocean, and commonly include the formation of thick evaporite deposits. Basins developed in active tectonic settings, such as the Andean Cordillera (Hilley and Strecker, 2005) , display cycles of basin infill and fluvial incision/dissection, whereas in relatively quiescent settings, such as the Duero Basin and the Neogene Ebro Basin, both in Iberia (Garcia-Castellanos et al., 2003) , the opening of an outward drainage system led to high incision rates within the intrabasinal areas (Sobel et al., 2003) . A lowering of base level, induced by tectonic activity, fluvial capture or eustatic or climate variability, is transmitted upstream along fluvial channels in the form of incision waves . The rate of river incision into bedrock provides information on the relationship between climate, lithology, tectonics and topography (e.g. Merritts et al., 1994; Kirby and Whipple, 2001; Kirby et al., 2003; Duvall et al., 2004; Whipple, 2004; Wobus et al., 2006) . The analysis of present and former channel longitudinal profiles represents a powerful qualitative tool for a relative quantification of fluvial incision (Schoenbohm et al., 2004; Clark et al., 2005) . By comparing the present and nearly relict long profiles along the basin, fluvial incision depth can be obtained. In addition, the age and elevation of abandoned strath terraces can provide reliable constraints on the incision history and incision rates (Wegmann and Pazzaglia, 2002; Schaller et al., 2005; Cyr et al., 2010) . Using in situproduced cosmogenic nuclides in bedrock, the age of exposure of strath terraces and, hence, incision rates can be calculated.
Western Iberia includes large areas of exposed Variscan basement. The main rivers draining to the Atlantic Ocean flow E-W, and have incised into Cenozoic continental basins and Variscan basement (Fig. 1) . In central and northern Iberia, the development of the present-day drainage network was related to the opening of formerly closed fluvial systems developed within the ancient Cenozoic basins. Headward erosion of the Atlantic fluvial systems captured the central Iberia drainage and eventually triggered a drainage reversal (Vegas and Banda, 1982; Gutierrez-Elorza and Perez-Gonzalez, 1993; Mediavilla et al., 1994; Santisteban et al., 1996a Santisteban et al., , 1996b Alonso-Zarza et al., 2002; Alonso-Gavilán et al., 2004) (Fig. 1) . The capture of the ( 10 Be and 21 Ne) in constraining the timing and rate of incision by focusing on selected granitic erosion surfaces on the western margin of the basin, where fluvial incision is deepest and, assumedly, most rapid.
Geological and geomorphological background
The present-day drainage network dissecting the Duero Basin ( Fig. 2 ) inherited its configuration from the late Neogene fluvial system of the closed basin (Alonso-Zarza et al., 2002) . Considering the main geological and topographical features of the entire catchment, three main drainage areas are identified: 1) the Cenozoic Duero Basin (CDB), 2) the Western fringe of the Cenozoic Basin (WCB), and 3) the Duero Lower Reach (DLR), downstream of the main knickzone (Fig. 2) .
The Cenozoic Duero Basin, located in northwest Iberia, is >50,000 km 2 in area and is the largest of the three main intraplate
Iberian basins (Fig. 1) . The basin records a complex evolution from the late Cretaceous to the Cenozoic (Corrochano and Armenteros, 1989; Alonso et al., 1996; Santisteban et al., 1996a; Alonso-Gavilán et al., 2004) as a result of faulting, the growth of mountain belts, and intra-continental deformation of the Iberian microplate during the Alpine Orogeny (Vegas and Banda, 1982; Anadón et al., 1989; Gutierrez-Elorza and Perez-Gonzalez, 1993; Alonso-Zarza et al., 2002; De Vicente and Vegas, 2009 ). The CDB is bordered to the west and south by uplifted Palaeozoic granitic and metamorphic basement, and by inverted rifts (Cantabrian-Pyrenean edge and Iberian Chain) to the north and east (Vegas and Banda, 1982; Corrochano and Armenteros, 1989; Santisteban and Martín-Serrano, 1996; Antón, 2004; De Vicente and Vegas, 2009; Antón et al., 2010) (Fig. 1) . The basin margins were active during periods of Cenozoic deformation, supplying sediment to the basin and controlling its geometry and structural development. Large-scale sedimentological data indicate the presence of coalescing alluvial fans in marginal parts of the basin and fluvio-lacustrine deposits in the central area, with an apparently concentric distribution (Alonso-Zarza et al., 2002) . The basin is filled with siliciclastic and detritial carbonate alluvial sediments, and carbonate and evaporites formed in lacustrine environments. These depositional systems were active from the Palaeogene (middle Eocene-early Oligocene) to the late Neogene (Santisteban et al., 1996a; Alonso-Zarza et al., 2002; Alonso-Gavilán et al., 2004) . Paleogene sediments crops out on the basin margins, and are overlain by extensive fluvio-lacustrine Neogene cover in the central part of the basin (Corrochano and Armenteros, 1989; Alonso-Zarza et al., 2002) . Quaternary deposits are restricted to large-scale alluvial fans and fluvial terraces, which, in the northern part of the basin, can be located between 5 m and 180 m above the present thalweg (Olmo and Gutierrez Elorza, 1982; Portero Garcia and del Olmo Zamora, 1982) . Fluvial terraces and erosion surfaces are also developed in the area south of the E-W drainage line of the basin (Duero River), whereas the eastern and central areas are characterized by erosive and depositional surfaces leveling late Neogene carbonate lacustrine deposits (Gutierrez Elorza et al., 2002) (Fig. 2) . The late Neogene culminant deposits are dissected by the fluvial system and presently located between 20 and 200 m over the river thalweg (see Ridge Line in Fig. 2B ). Maximum amounts of dissection occur in the central part of the Basin near the Duero-Pisuerga confluence (Olmo and Gutierrez Elorza, 1982; Portero Garcia and del Olmo Zamora, 1982) . The WCB consists of Variscan basement, mainly Precambrian and Palaeozoic metamorphic rocks and pre-Variscan and Variscan granitic rocks within a tectonically complex zone that was intensely deformed during the Variscan Orogeny (Diez Balda et al., 1990) . Alpine convergence at the northern and southern Iberian borders (Pyrenees and Betics) was accommodated in west Iberia in left-lateral strike-slip corridors (De Vicente and Vegas, 2009) . Alpine deformation had a moderate effect on the region; the main effect was the reactivation of strike-slip faults in the brittle upper crust (Antón, 2004; (Fig. 2) . The WCB has relatively flat relief at a mean elevation of 750 m above sea level, but is affected by large-scale fractures dominated by NNE-SSW left-lateral strike-slip faults . The morpho-structure is characterized by a vast regional erosion surface developed during the late Mesozoic-early Paleogene and subsequently structured in different levels (Solé, 1952; . The surface is presently deeply incised by fluvial valleys with a drainage pattern strongly controlled by tectonic features. This area corresponds to a main knickzone, the concave up reach of the main channel long profile (Fig. 2) where the Duero River flows through a deep gorge (up to 400 m deep relative to the surrounding land surface) known as "Arribes del Duero", incised mainly into granitic bedrock. Granitoids are widespread in this area, and bedrock strath terraces are locally preserved at different elevations within the trunk valley and main tributaries.
Geomorphological mapping has allowed identification of remnants of several regional-scale erosional surfaces (Escuder et al., 2000; Sanz Santos et al., 2000; , recognized in an area of 100's km 2 . The highest surfaces, located within 750-800 m above sea level are interpreted to have formed by the long-term modification of an old Post-Variscan relief, whereas the lowest surfaces (700-630 m a.s.l.) are recognized associated with the main rivers in the WCB and are interpreted to have formed during the initial stages of fluvial incision (Escuder et al., 2000; Sanz Santos et al., 2000) . Mesozoic rocks are rare in this area, being represented by a well-developed lateritic profile that records a long period of stability and subaerial exposure (Delgado Iglesias and Alonso Gavilan, 2008). The overall scarcity of Paleogene and Neogene sediments in this sector of the basin seems to indicate that the WCB was a topographic high during these periods, working as source area of sediments for the western margin of the CDB (Escuder et al., 2000; Villar Alonso et al., 2000; Alonso-Zarza et al., 2002) .
The timing of the transition from endorheic to exorheic drainage in the Duero Basin is poorly constrained because of a lack of dating of sedimentary deposits and landforms. The scarcity and poor preservation of fossils hinder the establishment of a precise chronology for the stratigraphic sequences. The top of the late Cenozoic sedimentary infill of the basin is overlain by relatively thin, but extensive mantled pediments ("rañas") that are assumed to be Pliocene-Pleistocene in age (Perez-Gonzalez and Gallardo, 1987; Gutierrez Elorza et al., 2002) . Given that the present-day drainage network is clearly dissecting the "raña-surface", the onset of fluvial incision in central and western Iberia is assumed to have occurred during the late Pliocene or Plio-Pleistocene (Perez-Gonzalez and Gallardo, 1987; Pereira et al., 2000; Cunha, 2008) . Other studies have interpreted the establishment of the present fluvial incision as a diachronous process (Martin Serrano, 1991) , and attributed an older age (Miocene) to the opening of the Duero Basin drainage (Santisteban et al., 1996c; Santisteban et al., 2007) . Thus, from the available data the timing and rate of incision from the late Neogene to the present are unknown, and new chronological data are required to establish the long-term evolution of the Iberian fluvial systems and to discuss the driving mechanisms for this evolution.
Methods

Analysis of stream profiles
Longitudinal profiles for the Duero channel and for the 21 main tributaries draining the CDB and the WCB were constructed by combining digital elevation models (SRTM data v.4, Jarvis et al., 2008) and vectorized stream analysis. The profiles were locally corrected for the effects of dams, based on topographic maps compiled by the Spanish Instituto Geográfico Nacional prior to dam construction. The resulting real longitudinal profiles (RLP) show the latitude, longitude, and elevation values for the representative stream intervals defined by the user. A general distance along the stream interval of 900 m was used for most of the streams, with the exception of the shortest ones, for which the interval was selected to ensure a low noise level and a realistic profile shape (Fig. 3) . The longitudinal profiles of the western streams consist of two main segments separated by sharp knick zones. The upper stream stretch of the channel above the main knickzone corresponds to a nearly relict landscape that partially preserves the endorheic configuration of the basin. The stream segments on the relic landscapes can be used to extrapolate the original stream profile downstream of the main knickzone and provide a measure of the amount of river incision below the relict landscape (Schoenbohm et al., 2004; Clark et al., 2005) .
To reconstruct the pre-incision geometry of the fluvial network in the Duero Basin, a theoretical longitudinal profile (TLP) was calculated for each RLP. The TLP represent equilibrium long profiles (Hack, 1957 (Hack, , 1973 obtained by a power fit (Y = c X −k ) through the RLP data, where Y is elevation (m), X is the downstream distance from the drainage divide (m), and c and k are the best-fitting constants inverted for each profile. These theoretical profiles were constructed to fit the concave-up geometries found upstream of the main knickzone in the RLP, and were extrapolated downstream to the river mouth or, in the case of tributaries, to the confluence with the trunk river (Fig. 4) .
Finally, the differences in elevation were calculated between the TLP and the RLP, providing a set of latitude, longitude, and Zi values, where Zi is stream incision depth (Fig. 4) . The results enable the construction of incision long profiles (iLP, Fig. 5 ) and, by Zi interpolation, a map that shows the distribution of fluvial incision throughout the study area (Fig. 6 ).
TCN sampling, sample preparation, measurements, and modeling
The area of deepest incision in the Duero River catchment is located in the WCB (Fig. 6) , where the river flows through a deep granite gorge at the Arribes (Fig. 7A) . The widest sections of the Duero valley in this area have irregular slopes and show the local development of flat or gently sloping strath terraces developed on bedrock (Fig. 7B) . The occurrence of extensive outcrops of resistant granitic bedrock makes this area an excellent target for TCN studies based on 10 Be and 21
Ne. Surface and subsurface TCN concentrations may provide information on the age and rate of fluvial incision in the WCB and, thereby, yield clues on incision rates and as to how and when the shift occurred from internal to external drainage in the Duero Basin.
To assess the potential of TCN in constraining the evolution of the Arribes Gorge, we analyzed erosion surfaces at various levels in the incised Duero River, in the areas of Saucelle (SAU) and Rostro (ROS) (Figs. 6B and 7). These bedrock surfaces suggest a fluvial erosive origin and correspond to the tops of castle koppies, nubbins, or domes (Twidale and Romaní, 2005) that protrude from gently sloping benches. At the Saucelle area an expansive strath terrace located 450 m.a.s.l can be recognized (Fig. 7B) . Samples SAU03 to SAU07 and a deep profile based on samples PSA01 to PSA04 correspond to this surface~320 m above the present Duero River thalweg. Samples SAU01 and SAU02 were collected at a lower level, located~165 m above the river bed ( Fig. 7 and Table 1 ). At the Rostro area (500-530 m a.s.l.) samples ROS01 to ROS06 correspond to smaller bedrock surfaces at the gorge edge,~200-230 m above the river thalweg ( Fig. 7 and Table 1 ). In addition, a presumably much older surface than the Duero incision, in the area of Homomula (HOMO), was selected as an external reference (Figs. 6B and 7 ). This surface corresponds to a regional-scale granitic surface of low relief at around 760 m a.s.l., which forms most of the gently undulating landscape surrounding the Arribes gorge (sample HOM01).
Sample sites were chosen to minimize the risk of shielding by sediment or soil cover, and care was taken to avoid sampling boulders that may have been rotated. With the exception of the depth profile (samples PSA02 to PSA04), collected in a man-made trench between the surface and 134 cm depth, only the uppermost few centimeters of bedrock were sampled.
Sample treatment was performed at the Laboratori de Núclids Cosmogènics of the Universitat de Barcelona. All samples were crushed and sieved to yield grains of 250-1000 μm in size. Magnetic material was removed using a Franz magnetic separator. Digestion by hexafluorosilicic and hydrochloric acid was performed repeatedly (3-6 times). The quartz grains were cleaned using sequential HF dissolutions to remove atmospheric 10 Be (Brown et al., 1991; Kohl and Nishiizumi, 1992; Cerling and Craig, 1994 Be carrier (Bourlès, 1988; Brown et al., 1992) . Beryllium was separated by successive solvent extractions and alkaline precipitations (Bourlès, 1988; Brown et al., 1992) . (standardization equivalent to 07KNSTD within rounding error) and using a 10 Be half-life of (1.387 ± 0.012).10 6 years (Korschinek et al., 2009; Chmeleff et al., 2010) .
10
Be concentrations in quartz were calculated following Balco (2006) .
Neon isotope determinations were made on approximately 150 mg of HF-leached quartz. Measurements were made at SUERC using procedures similar to those of Codilean et al. (2008) .
For all sites, the production rates were calculated from location data using the CRONUS-Earth online calculators v. 2.2.1 (2010). All the computations used the same constants as those in the CRONUS-Earth online calculators v. 2.2.1 (2010) online calculators, following Balco (2009 Balco ( , 2010 and Balco et al. (2008) . Therefore, in all the calculations, we used a spallation attenuation length of Λspall. = 160 g cm − 2 (Balco et al., 2008) . 
Results
Fluvial incision
A comparison of the drainage network between the Cenozoic Duero Basin and its western fringe reveals marked differences in drainage distribution and long profile shapes (Fig. 3) . In the CDB, the Duero River and its tributaries have a dendritic pattern and concave-up longitudinal profiles (Figs. 2B and 3A) . In contrast, the WCB is characterized by abrupt changes in stream orientation and by steep, convex-up longitudinal profiles (Fig. 3B) . Several knick points that configure main knickzones (convex-up longprofile stretches) can be identified in most of the Duero tributaries flowing through the WCB (Fig. 5B ) and in the master channel, where the main knickzone corresponds with the Arribes gorge (Figs. 2 and 5 ). Be production rates due to spallation, stopping muons, and fast muons (Pspal, Pneg, and Pfast, respectively) were calculated using the CRONUS-Earth online calculators v. 2.2.1 (2010), according to Balco et al. (2008) . The value of the blank sample was 10 − 14 atoms of 10 Be/Be. Concentration uncertainties take into account the blank concentration, measurement error, and the standard error of the spectrometer. Analysis of longitudinal profiles of incision depth and a Zi map (Figs. 5 and 6, respectively) enables us to quantify the distribution of incision from an earlier base level, across the CDB and WCB. The incision depth shows a westward increase, with Zi values for the Duero River ranging between 0 and 700 m at the mouth on the Atlantic coast. Tributaries draining the CDB generally show incision depths of less than 50 m. In its upper reach (540 km long), the Duero River is incised into the CDB by less than 130 m from the TLP. In contrast, westwards, while draining across the WCB (which represent a relatively short stretch, only 180 km long), the depth of incision of the Duero increases abruptly by 470 m, reaching 600 m of incision at the Agueda confluence (Fig. 6) . Similarly, tributaries draining across the WCB show a marked downstream increase in incision, from less than 50 m at the Esla confluence to 325 m at the Tormes confluence and more than 530 m at the Huebra confluence (Figs. 5 and 6B) . In other words, along the master channel, 67% of the maximum Zi (700 m) occurs in the middle reaches of the Duero River (the WCB), which represents just 19% of the total stream length, evidencing the relevance and magnitude of fluvial incision in the WCB area.
10
Be and
21
Ne datasets (Kober et al., 2010) we calculate a maximum erosion rate of c. 7 mm/ka for the surface.
To calculate the exposure age and erosion rate from the PSA 10 Be depth profile, a chi-square fitting was performed (Fig. 8) . The local muon production rates and attenuation lengths were calculated from our field data (location and depth) using the CRONUS-Earth online calculators v. 2.2.1 (2010). The Lal (1991) model was fitted to the 4 PSA concentrations to deduce the probabilistic distributions of the exposure age and erosion rate at the surface, considered both as free parameters. The best fit was obtained for a chi-square value of 1.75, providing an erosion rate of 0 mm/ka and an exposure age of 28 ka. Considering a maximum chi-square value of 4.05, which matches the 68.27% of the allowed values in the chi-square distribution with 2 degrees of freedom (see Rodés et al., 2011 for further statistical explanations), the exposure ages and erosion rates that fit PSA data should be between 25 and 166 ka and between 0 and 24 mm/ka respectively.
Discussion
Analysis of the drainage network
The methodology applied in this study allows the construction of longitudinal profiles of incision using as a reference level the relict stretch of the long profile preserved upstream of the main knickzones. In the CDB and WCB, the difference between the elevation of the theoretical and current long profiles (Zi) can be interpreted as the incision depth from a pre-incision base level that nearly represents the former endorheic basin conditions. In the DLR (i.e. outside the area covered by the Cenozoic Duero Basin; Fig. 2) , Zi values cannot be interpreted as incision depths, but the maximum Zi obtained at the Duero River mouth (700 m) represents the minimum baselevel lowering that resulted from opening of the basin (Fig. 5) .
The precision of the calculated Zi and incision values depends on the quality of the TLP fit and involves a degree of interpretation. In the Duero catchment, the TLPs were fitted to the present-day upper segments of the long profiles, which record up to 200 m of dissected Plio-Pleistocene and late Neogene deposits relief in the central basin areas while the magnitude of this dissection decreases considerably westward (Figs. 2 and 5) . Hence, the Zi values in this case must be interpreted as minimum estimates of incision. Despite this underestimation, the procedure applied here is useful in terms of gaining a quantitative understanding of the stream response to a sudden base-level lowering and in terms of investigating spatial variations in stream incision across broad areas, based on a reference level. The method also allows for a comparison of the distribution of incision with other geological information, via GIS.
In the case of the Duero River, the theoretical long profile used for calculating Zi was fitted to the stretch upstream of the main knickzone. Another TLP may be fitted to the Duero Lower Reach. Indeed, the current Duero longitudinal profile is roughly formed by juxtaposing two concave longitudinal profiles: the upper reaches (CDB and WCB), where the geometry of the long profiles of the closed basin is generally preserved, and the lower reaches (DLR), downstream of the main knickzone, which formed under the influence of the Atlantic base level (Fig. 2) . Based on the distribution of fluvial deposits, Pereira et al. (2000) proposed that Atlantic drainage has been in place (with Table 1 ). Error bars include uncertainties related to 10 Be concentration, sample depth, and granite density. Best-fit and maximum age models were calculated according to Rodés et al. (2011) .
a trace similar to that of the present Duero) since at least the late Pliocene. The CDB is currently being incised and the drainage pattern reorganized as a consequence of the development of external drainage within the basin, with the first and second order tributaries preserving the ancient quasi-centripetal pattern expected for the former endorheic basin (Fig. 3) . The strong instability produced by the opening of the basin and subsequent drastic drop in base level has been mitigated by the resistant crystalline bedrock that makes up the Western fringe of the Cenozoic Duero Basin. The Variscan basement west of the CDB represents a resistant lithological threshold to the ongoing headward erosion working as a local base level for the upstream intrabasinal area, and controlling the landwards advance of the Atlantic network, as well as the capture of previous intrabasinal drainage, processes of drainage reorientation and incision rates (Fig. 2) . At first consideration, the occurrence of steeper (i.e. higher stream power) and more deeply incised streams in the WCB (Figs. 6 and 7) may suggest higher rates of fluvial incision in this area than elsewhere. On the other hand, drainage in the DLR has been dominated by the Atlantic base level for a much longer period than in the CDB, and corresponds to a more evolved evolutionary stage (Ferreira et al., 2010) .
It cannot be determined at this stage whether the shift from endorheic to exorheic drainage in the CDB resulted mainly from headward erosional retreat by Atlantic streams or from basin sediment overfilling; however, the results of modeling studies (GarciaCastellanos, 2006) suggest that this type of basin opening involves competition between these mechanisms, with each making a similar contribution. Overflowing is likely to have played a role during the opening of the Duero Basin, because the sediment infill reached >700 m above sea level, representing elevations equivalent to those of the planation surfaces that constitute the drainage divide in the WCB (Fig. 2 B) . Furthermore, given the high sensitivity of endorheic lake systems to climatic oscillations (Carroll and Bohacs, 1999) , the drainage opening may have been triggered by a period with a relatively wet climate (Garcia-Castellanos et al., 2003) .
Analysis of terrestrial cosmogenic nuclide data
The highest 10 Be concentration and, hence, the oldest minimum exposure age (300 ka) were obtained for the highest and oldest regionalscale erosion surface at Homomula (sample HOM01 in Table 1 ). The remaining surfaces analyzed in this study occur at various heights within the fluvially incised Duero River valley in the areas of Saucelle and Rostro (Table 1 and Fig. 7) . We found lower 10 Be concentrations in samples located near escarpments (ROS 01-02; and SAU 03-04) compared with those located in the same area and at similar or lower elevations but away from steep slopes. Hence, the relatively large differences in 10 Be concentrations between neighboring sites could be interpreted as resulting from contrasting rates of denudation. In contrast, the samples taken away from steep slopes (ROS03-06, SAU01-02 and SAU05-07) show a correlation between the minimum 10 Be age and the sample height with respect to the Duero thalweg ( Fig. 7 C and Table 1 ). These samples provide maximum incision rates ranging from 2.9 to 6.2 mm/yr for straths located between 165 and 340 m above the river thalweg.
Radioactive TCN in surfaces affected by denudation require less time to reach secular equilibrium than stable TCN. In addition, radioactive TCN accumulated during former phases of exposure may be partially or totally lost during periods of burial at depths where loss by decay is greater than gain by production. Ne data from the old Homomula surface provide maximum erosion rate values (2 and 7 mm/ka, respectively) that are in good agreement with the weathering rates typically found in granites (c. 5 mm/ka; e.g. Gosse and Phillips, 2001) .
The PSA modeling results allow us to constrain the exposure age of Saucelle surface between 25 and 166 ka. This age range is consistent with the oldest minimum ages of c.a. 80 ka obtained from El Rostro and Saucelle samples. Moreover, if we consider that the minimum erosion rate of these surfaces should correspond to the weathering rates measured in Homomula surface, their exposure ages should be around 100 ka or older. Hence, the cosmogenic dataset suggests that the last 200 or 300 m of incision in this area (corresponding to the approximate heights over the Duero thalweg of El Rostro and Saucelle sampling sites) could have taken place at a mean rate of 2 or 3 mm/yr. These general rates are valid for at least the last 100 ka. Hence, we cannot rule out the occurrence during that period of shorter periods with higher or lower rates of incision as evidenced in other areas (Schaller et al., 2005) .
The evolution of bedrock channel profiles is commonly posed as a competition between rock uplift and erosion (Howard, 1994; Whipple and Tucker, 1999) . The Cenozoic Duero Basin occupies a relatively stable tectonic setting where evidence of significant tectonic uplift from the late Miocene to the present is not present. Nevertheless, the effect of opening the formerly closed intrabasinal drainage has resulted in a dramatic base-level drop. In terms of enhanced incision and long-profile re-equilibration, the effect of this 700 m baselevel drop could produce equivalent results linked to uplift in more tectonically active areas (Lave and Avouac, 2001; Seong et al., 2008; Righter et al., 2010) . Many arguments have been made that incision is proportional to water discharge or water variability (Tucker and Bras, 2000; Snyder et al., 2003; Tucker, 2004) . In the case of the Duero basin, the progressive intrabasinal drainage capture implies a marked increase in water discharge and hence an increase in incision rates. An extreme example of rapid bedrock incision comes from a modern catastrophic flood in Texas that excavated up to 7 m of limestone in just three days (Lamb and Fonstad, 2010) .
Conclusions
The reaches of the Duero River that flow across the western fringe of the Cenozoic Duero Basin (WCB) must have been functioning at least since the start of external drainage, which induced a dramatic lowering of the base level of the basin (over 700 m), triggering large-scale fluvial capture, the reorientation of streams, and an increase in the depth and rate of incision. However, the rate of fluvial modification in the CDB would have been controlled by the relatively resistant crystalline bedrock of the WCB.
Analysis of basin-scale longitudinal profiles provides the first quantitative results regarding the distribution of incision throughout the Cenozoic Duero Basin and its western margin. The minimum incision depth of streams, relative to the base level of the formerly closed basin, shows a westward increase from 0 to 600 m. For the master channel 470 m of incision (67% of the maximum value) is concentrated in the Arribes Gorge (WCB area), which represent just 19% of the total length of the Duero, revealing the significance of incision processes in this area.
The evolution of the Duero Valley, where it crosses the western fringe of the Cenozoic Duero Basin, involved strong modification of fluvial erosional features by weathering and by slope processes, and included relevant phases of incision. Despite the relative long and complex evolution of the basin, terrestrial cosmogenic nuclides can be used to help constrain the timing and rate of incision in this key segment of the Duero fluvial network. Preliminary cosmogenic 10 Be and 21 Ne concentrations from selected granitic surfaces located between 165 and 300 m over the present river thalweg in the Arribes Gorge yield a mean incision rate of 2 or 3 mm/yr for the period spanning the last 100 ka. Work in progress is focussed on the use of multiple terrestrial cosmogenic nuclides across a wider area, with the aim of assessing the mode of drainage opening and of constraining the timing and rate of incision.
